The study examined the effect of dipeptidyl peptidase-4 (DPP-4) inhibitor, vildagliptin in cyclosporine (CsA)-induced hepatotoxicity. Rats were divided into 4 groups treated for 28 days: control (vehicle), vildagliptin (10 mg/kg, orally), CsA( 20 mg/kg, SC) and CsA-vildagliptin group. Liver function was assessed by measuring serum levels of Aspartate aminotransferase (AST), alanine aminotransferase (ALT), gamma glutamyltransferase (γGT), lactate dehydrogenase (LDH), albumin, and histopathological changes of liver were examined.
Introduction
CsA is an immunosuppressive agent that is commonly used in the treatment of many autoimmune diseases and after organ transplantations (Kwak and Mun 2000; Rezzani et al. 2001 ). However, its use is limited due to several side effects, including nephrotoxicity, cardiotoxicity, hypertension and hepatotoxicity. Impairments in liver architecture have been reported in rats given CsA for 2-13 weeks (Rezzani 2004; Josephine et al. 2008; Lee 2010 ).
Cholestasis, hyper-bilirubinemia, hypoproteinemia, increased alkaline phosphatase and transaminases activities, bile salts in the blood, inhibition of protein synthesis and disturbed lipid secretion in both human and experimental animals were found to characterize CsA-induced hepatotoxicity (McCashland et al. 1994; Rezzani 2004) . Additionally, alterations in bile formation, the capacity of the liver to excrete organic anions and xenobiotics and changes in the hepatic content of glutathione (GSH) are also prominent in CsA provoked liver damage (Morán 1998) . Several mechanisms are involved in CsA-induced hepatotoxicity including reactive oxygen species (ROS) production, oxidative stress and depletion of the hepatic antioxidant system (Rezzani et al. 2005) .
Dipeptidyl peptidase-4 (DPP-4) is a membrane-associated peptidase known as CD26.
Vildagliptin is a DPP-4 inhibitor which increases plasma level of active glucagon-like peptide-1 (GLP-1), improves glucose-dependent insulin secretion, β-cell function, improves insulin sensitivity, reduces inappropriate glucagon secretion, and reduces fasting and postprandial glucose (Barnett 2006) . DPP-4 has widespread organ distribution throughout the body and exerts pleiotropic effects via its peptidase activity. DPP-4 is involved in immune stimulation, binding to and degradation of extracellular matrix, resistance to anti-cancer agents, and lipid accumulation (Itou et al. 2013) . Tumor necrosis factor-α (TNF-α), interferons, retinoic acid, high insulin levels, glucose, and hypoxia are some of the factors that influence the production and release of DPP4; however, the mechanisms of action involved remain unknown. DPP4 activity levels in the serum have been shown to increase under conditions such as nonalcoholic fatty liver disease, rheumatoid arthritis, and inflammatory bowel disease (Das et al. 2014) . Also, DPP-4 is highly expressed in the liver, and recent data suggested that DPP-4 is involved in the development of various chronic liver diseases such as hepatitis C virus infection, non-alcoholic fatty liver disease, and hepatocellular carcinoma. DPP-4 expression has similar lobular D r a f t heterogeneity seen in the expression of cytochrome p450, gamma-glutamyl -transpeptidase (GGT), and glutamine synthetase (Mentzel et al. 1996; Gorrell et al. 2001 ). This heterogeneous lobular distribution suggests that DPP-4 may be involved in the regulation of hepatic metabolism. Furthermore, DPP-4 occurs in hepatic stem cells and plays a crucial role in hepatic regeneration (Itou et al. 2013) . Therefore, the present study was undertaken to assess the possible beneficial effects of vildagliptin in CsA-induced hepatotoxicity in rats.
Materials and Methods

Animals:
Thirty-two male Sprague-Dawley rats (purchased from urology and nephrology center), weighing between 200-250 g were housed for 28 days in a well-ventilated room with a 12:12-hour light/dark cycle and were allowed access to water ad libitum and fed a normal rat chow.
The experimental protocol conducted in the study complies with the ethical guidelines and the principals of care, use and handling of experimental animals adopted by "The research Ethics
Committee", Faculty of Pharmacy, Mansoura University, Egypt which is in accordance with "Principles of Laboratory Animals Care" (NIH publication No. 85-23, revised 1985) .
Experimental design:
Rats were randomly divided into 4 groups with 8 rats each and were treated as follows: group 1 (control group), rats received 2 ml/kg sunflower oil, refined bleached deodorized (RBD) (CsA vehicle) by SC injection and 2 ml/kg 0.5% carboxymethyl cellulose(vilagliptin vehicle) by oral gavage daily for 28 days; group 2 (vildagliptin group) animals treated with daily oral vildagliptin (10mg/kg, Novartis Pharma AG, Basil ,Switzerland); group 3 (CsA group) rats received a daily dose of 20 mg/kg of CsA (Novartis Pharma AG, Basil ,Switzerland) by SC injection, delivered by dilution in 0.1 ml/kg of sunflower oil; group 4 (CsA-vildagliptin) rats given daily doses of vildagliptin and CsA for 28 days. This treatment schedule and dose level were chosen based on the results obtained in pilot experiments using lower doses of vildagliptin (1 and 5 mg/kg), which failed to decrease the elevated serum ALT and AST levels (data not shown).
D r a f t
At the end of day 28 of the experiment, each rat was anesthetized by thiopental sodium solution at a dose of 30 mg /kg IP (Wixson et al. 1987 ). Blood was collected from the retro-orbital sinus and serum was separated by centrifugation at 1000 rpm for 20 min then used for analyzing the biochemical parameters.
The liver was rapidly excised, a part was used for measurement of biological markers after homogenization and the other was used for histopathological examination.
Preparation of liver homogenate:
Excised livers were rinsed with ice-cold isotonic saline (0.9%), weighed and then homogenized immediately in ice-cold 1.15 % KCl solution to give a 10% (w/v) homogenate. Homogenates were centrifuged at 10,000g for 20 min at 4° C to obtain the supernatant fractions which were used for determination of oxidative stress parameters and Bax and Bcl2 expression.
Assessment of hepatic oxidative markers:
Enzymatic antioxidants were determined in liver homogenates by estimating SOD, CAT and GPx activity; non-enzymatic antioxidants by GSH and lipid peroxidation by measuring TBARS levels using commercially available kits (from Bio-diagnostic Company, Giza, Egypt).
Assessment of Biochemical assays
Determination of serum levels of AST, ALT, γGT, LDH and albumin were done using commercially available kits (Biomerieux, Marcy-l'Etoile, France) according to manufacturer's instructions.
Hepatic nuclear factor-kappa B (NF-κB) activation:
The transcription factor NF-kB activation was measured according to manufacturer's instructions using a commercially available enzyme linked immunosorbent assay (ELISA) kit (Trans-AM™ NF-kB p65 Transcription Factor Assay Kit, Active Motif, CA). Nuclear protein extract was obtained using Nuclear Extract Kit (Active Motif) according to manufacturer's instruction.
Subsequently, 15 µg nuclear protein extract was used to assay for NF-kB activation. Values were represented as OD 450 nm.
Assessment of DPP-4 level:
The amount of DPP-4 level in serum was measured using ELISA kit (antibodies-online Inc., Rat Bax ELISA kit and Rat Bcl-2 ELISA kit (antibodies-online Inc., Atlanta, USA) were used to evaluate the expression of Bax and Bcl-2 proteins in the rat liver homogenates according to manufacturer instructions. The absorbance was read at 450 nm.
Histopathology of Liver tissue:
Liver tissues were embedded in paraffin, and 4-5µm thick sections were stained with hematoxylin and eosin (H and E). The tissues were examined under a light microscope by histologists blinded to the treatment groups.
Statistical analysis
Data are expressed as mean ± standard deviation (SD). Statistical analysis was carried out by one-way analysis of variance (ANOVA) followed by post hoc Tukey-Kramer multiple comparisons test. Statistical calculations were carried out using Instat-2 computer program (GraphPad Software Inc. V2.04, San Diego, CA, USA).
Results:
Effect of vidagliptin on CsA-induced hepatotoxicity: As shown in (table 1) , structural damage of the liver after treatment with CsA is evidenced by a significant elevation of ALT, AST, γGT and LDH and a significant decrease of serum albumin levels as compared to the control. Vidagliptin treatment significantly improved all measured liver function parameters as compared to CsA.
Effect of vildagliptin on CsA induced-hepatic pathological changes:
Livers from normal rats administered vehicle or vildagliptin showed normal hepatic structure.
Upon treatment with CsA, liver changes were evident including enlarged hepatocytes, numerous vacuoles, inflammatory cell infiltrate and dilated sinusoids with congestion. Rats that received both CsA and vildagliptin showed apparently less marked damage in liver tissue than that of liver tissue from CsA-treated rats (figure 1).
D r a f t
Effect of vildagliptin on CsA-induced oxidative stress:
CsA caused significant elevation of hepatic oxidative stress as compared to control. This is evident by high levels of TBARS, a marker of increased lipid peroxidation. Also, CsA treatment as compared to control caused significant reduction of hepatic enzymatic antioxidant (SOD, CAT and GPx) activity and non-enzymatic antioxidants (GSH) as shown in (table 2) .
Administration of vildagliptin with CsA to rats significantly attenuated CsA-induced oxidative stress. Vildagliptin caused significant reduction in TBARS, elevation in SOD, CAT and GPx activities and restored GSH levels as compared to CsA-treated group (table 2) .
Effect of vildagliptin on serum DPP-4 level:
Serum DPP-4 level was significantly increased by CsA administration indicating the high activity of DPP-4 enzyme compared to control non-treated rats. Upon vildagliptin concomitant treatment with CsA, vildagliptin was able to significantly reduce DPP-4 level to the normal value compared to CsA-treated group (table1).
Effect of vildagliptin on hepatic NF-κB (p65) expression:
Hepatic nuclear extract analysis for the transcription factor, NF-κB activity showed significant increase in NF-κB activity in CsA-treated rats compared to control rats which were significantly reduced upon vildagliptin treatment (table 3) .
Effect of vildagliptin on hepatic Bax and Bcl2 level:
Increased apoptosis by CsA was evident by the increase in proapoptotic protein Bax with significant decrease of the anti-apoptotic protein Bcl2. Vildagliptin ameliorated CsA-induced apoptosis as marked by a significant decreased in the level of Bax protein and increased that of Bcl2 (table 4) .
Discussion
The current study demonstrated the hepatotoxic effect of CsA when administered to rats for four weeks. Rats treated with CsA showed significant elevation of hepatic marker enzymes, AST, ALT, γGT and LDH, and a significant decrease in albumin level as compared to control. These changes indicate damage of the structural integrity of the liver which was confirmed by the histopathological changes of the liver in CsA treated rats that revealed enlarged hepatocytes, D r a f t 8 numerous vacuoles, inflammatory cell infiltrate, and dilated sinusoids with congestionas compared to control. Vildagliptin ameliorated significantly the elevation of hepatic enzymes and the pathological changes of hepatic architecture induced by CsA.
ROS such as hydroxyl radicals, superoxide anions, and hydrogen peroxide are normally generated in the liver but this is counteracted by a detoxification system of endogenous antioxidants such as GSH, SOD, and CAT that scavenge the produced ROS. The imbalance between intracellular prooxidants and antioxidants leads to an increase in both DNA damage and peroxidation of membrane lipids (Czaja 2007) . In our study, liver damage evidenced by changes in biochemical markers (AST, ALT, γGT, LDH and albumin) and tissue pathology of the liver in CsA-treated group was associated with increased oxidative stress. CsA treated rats showed a significant elevation in hepatic TBARS and a decline in both enzymatic and non-enzymatic antioxidants, SOD, CAT, GPx and GSH, as compared to control concentrations. Oxidative damage has an important role in the pathogenesis of CsA induced-hepatotoxicity (El-Sokkary et al. 2005) . Excess production of ROS by CsA is thought to be related to two important mechanisms, the first is due to its effect on mitochondria; CsA block the mitochondrial permeability transition pore (Nicolli et al. 1995) causing reduced calcium efflux which allows the mitochondria to accumulate large amounts of calcium (Fournier et al. 1987) . These events affect the mitochondrial respiratory chain and cause uncoupling of oxidative phosphorylation (Salducci et al. 1992 ) with subsequent increase in ROS production. The second mechanism is through CsA metabolism by cytochrome P-450 3A that can also generate ROS (Serino et al 1994) . Previous studies found that CsA treatment inhibits the expression and activity of antioxidant enzymes like SOD, CAT and GPx; and that exogenous antioxidants could inhibit the adverse actions of CsA (Lee 2010) . To eliminate ROS from the cellular system, SOD and CAT function to remove superoxide radicals. GSH also plays an important role in the removal of ROS and protection of thiols in cell macromolecules. Depletion of glutathione has been associated with CsA hepatotoxicity (Duruibe et al. 1989) . The antioxidant effects of glutathione are directly related to the key enzymes GPx and glutathione reductase that help protect cells from free radical generated toxicity (Ghadermarzi and Moosavi-Movahedi 1996) . Reduced hepatic GSH might account for the inhibition of GPx activity. In addition, high levels of peroxides may explain the inhibition of CAT activity induced by CsA. The protective effect of vildagliptin in the present study may be partly explained by its ability to restore the prooxidant-antioxidant balance by D r a f t 9 enhancing hepatic radical-scavenging activities, increase the antioxidant defense and prevent the formation of free radicals originating from peroxidation products and from metabolism of CsA.
Vildagliptin maintained hepatic enzymatic (SOD, CAT and GPx) and non-enzymatic antioxidants (GHS) in spite of CsA administration. Vidagliptin was found to ameliorate oxidative stress and pancreatic beta cell destruction in type 1 diabetic rats both by reducing levels of the stress marker, TBARS as well as by increasing activity of enzymatic antioxidants To further elucidate the possible mechanism by which vildagliptin improve CsA-induced hepatotoxicity, DPP-4 level was estimated during CsA administration. The data showed that rats treated with CsA alone exhibited significant increase in DPP-4 level compared with untreated rats. On the other hand, vildagliptin concomitant with CsA administration significantly normalized DPP-4 levels. The liver is one of the organs that highly express DPP-4 (Mentzel et al. 1996) . Hepatic DPP-4 is thought to be involved in the regulation of hepatic metabolism (Itou et . 2013) . Balaban et al. (2007) reported that serum DPP-4 activity and hepatic expression of DPP-4 are correlated with hepatic steatosis and non-alcoholic fatty liver disease grading. Nonalcoholic fatty liver disease is characterized by the accumulation of fat in the liver when it exceeds 5%-10% of its weight. In addition to leading to major histopathological alterations, it may be associated with elevated liver enzymes and abnormal liver function, ranging from steatosis to steatohepatitis, fibrosis, and cirrhosis (Tarantino and Finelli 2013). Moreover, DPP-4 deficient rats show lower levels of hepatic pro-inflammatory and pro-fibrotic cytokines and reduced hepatic steatosis compared to wild type rats (Balaban et al. 2007) .
Also, Gaetaniello et al. (1998) reported that inhibition of DPP-4 in human hepatoma cells suppress tyrosine kinase, leading to anti-apoptotic effects.
Thus from the present study, the preventive effect of vildagliptin was attributed to inhibition that leads to anti-inflammatory and anti-apoptotic as evident by significant effect of vildagliptin on the altered activity and expression of NF-κB, Bax and Bcl2, respectively.
In conclusion, the results of the present study demonstrate that administration of vildagliptin might have the potential to protect the liver against CsA toxic effects through reducing hepatic oxidative stress, apoptosis and inflammation. 
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